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Abstract
A precise understanding of solvation is essential for rational search and design of
electrolytes that can meet performance demands in Li-ion and beyond Li-ion batter-
ies. In the context of Li-O2 batteries, ion pairing is decisive in determining battery
capacity via the solution mediated discharge mechanism without compromising heav-
ily on electrolyte stability. We argue that models based on coordination numbers of
the counterion in the first solvation shell are inadequate at describing the extent of
ion pairing, especially at higher salt concentrations, and are often not consistent with
experimental observations. In this study, we use classical molecular dynamics simu-
lations for several salt anions (NO−3 , BF
−
4 , CF3SO
−
3 , (CF3SO2)2N
−) and nonaqueous
solvent (DMSO, DME, ACN, THF, DMA) combinations to improve the understanding
of ion paring with the help of a new metric of ion-pairing. We proposed a metric that
defines the degree of clustering of a cation by its counterions and solvent molecules on
a continuous scale, the limits if which are based on a simple and intuitive condition of
charge neutrality. Using these metrics, we identify the extent of ion pairing in good
agreement with experimental solvation phase diagrams and further discuss its useful-
ness in understanding commonly employed measures of salt and solvent donicity such
as the Gutmann donor number.
Keywords: ion pairing, solvation, molecular dynamics
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Introduction
Despite having the highest theoretical specific energy among “beyond Li-ion” (BLI) bat-
tery chemistries, nonaqueous LiO2 batteries are yet to make significant technological strides
toward commercialization due to several critical challenges such as low rechargeability and
capacity.1–3 The electronically insulating nature of the primary discharge product Li2O2,
which passivates the battery cathode as it is formed, puts fundamental limitations on the
extent to which discharge reactions can take place at a feasible rate. Recently, strategies
to circumvent this issue by enhancing solubility of the reacting intermediates have been
reported, which are based upon electrolyte formulations that use solvents4,5 with high Gut-
mann Donor Number (DN) and Acceptor Number (AN) for stabilizing the primary reacting
ions Li+ and O−2 and their solvated intermediates such as LiO2 and LiO
−
2 . However, it has
been shown using thermodynamic analysis that aprotic solvents’ ability to induce the solubil-
ity of these intermediates and thus provide for higher discharge capacity is anti-correlated to
their stability against nucleophilic attacks,6 H-abstraction7 and electrochemical oxidation.8
In this regard, the effect of Li-salts9–11 and additives12,13 has been also explored to in order
to influence the solubility of the intermediates without compromising on the stability of the
solvent, with reports of multifold capacity enhancement. For instance, the capacity enhanc-
ing effect of NO−3 anions in comparison to TFSI has been reported widely in literature but
uncertainities exist owing to several different explanations for this phenomemon, ranging
from higher donicity and ionic association strength of the NO−3 anion
11,14 to its catalytic
effect on the electrodes15,16 to the deactivation of the usually employed carbon cathode to
further degradation.17,18
Using mixtures of two commonly employed Li-salts, LiNO−3 and LiTFSI, dissolved in
dimethoxyethane (DME), we demonstrated in an earlier work that electrolytes containing
a high NO−3 :TFSI ratio resulted in higher discharge capacity.
14 Based on the principle that
the free energy of the Li+ ions and thus, the free energy of dissolution of the adsorbed
intermediate LiO2*, is largely dependent on the species that are present in the first solvation
4
shell, we developed a modified Ising model for site occupancy in the shell. The estimated
fractional occupation numbers resulting from this work provided a rational basis for selection
of the total electrolyte, i.e., solvent and anion, where it was also shown that here is minimal
capacity enhancement by changing the electrolyte anion in high-DN solvents. The modified
Ising model served a useful tool for phenomenological understanding, however a more refined
picture is required to estimate the solvation structure and dynamics to cover the broad
spectrum of behavior spawned by varying salt-solvent combinations.
The reactivity, selectivity and thermophysical properties of electrolytes depend strongly
on the solvation behavior of the reactant ions, which is described by the degree of association
of oppositely charged ions in electrolyte solutions to form distinct chemical species called
ion pairs.19 It has been shown that solvation and ion pairing behavior has far reaching
implications on the electrochemical and chemical stability of both the nonaqueous solvent
and the salt anion, which is intricately linked with the coupling between them,20,21 and
which cannot be described by simple atom centered descriptors such as Mulliken charges or
electron affinity.22 First order descriptors such as DNs have been successful in explaining
trends in capacity and stability but are too coarse to be able to provide reliable trends for
use in rational electrolyte design and discovery.2
There is much subjectivity as to what forms an ion pair and it is often inferred from
spectroscopic experiments or based on a certain distance of separation, r, between two op-
positely charged ions in solution, which is smaller than some specified cutoff distance, R,
beyond which ions are considered free.19 Electrolytes in which ionic interactions become
prominent, also termed often as“solvates”23 remain difficult to characterize, as current theo-
ries cannot model their attributes adequately. In this work we make use of rigorous classical
molecular dynamics (MD) simulations to provide a general description of the solvation struc-
ture of Li+ ions and the role of both solvent and anion in ion-pairing for several combinations
of nonaqueous solvents and salt anions over a wide range of electron donicities and sizes,
as shown in Fig. 1. Classical MD simulations help us take into account the effect of size,
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the averaged charge distribution within a molecule or ion, and their correlation with the
intermolecular interactions and the resulting solvation structure.
Figure 1: Nonaqueous solvents and salt anions considered in the current work with their
Gutmann Donor numbers (DN), Acceptor numbers (AN) and dielectric constants().24–26
Extensive studies of the solvation behavior of Li+ ions using experiments and classi-
cal MD simulations for several different salt anions have been performed in solvent like
acetonitrile (ACN),27–31 dimethyl sulfoxide (DMSO),32 carbonates33 and glymes of different
chain lengths.34–37 However, computational descriptions of ion pairing typically consider ion-
pairing from the solvation structure in the first solvation shell,21,38 and it can be shown that
the conventional choice of the radius defining this shell has limited applicability and cannot
account for the extent of aggregation and clustering size. In this work we propose a novel
way to quantify the extent of ion-paring by defining a simple and intuitive metric based on
charge neutrality of ionic clusters. Using this metric we offer a new generalized classification
scheme for ion pairing and compare the various salt solvent combinations considered in this
work. Additionally, we discuss the applicability of the commonly employed donor number in
understanding solvation. This proposed method as such will be independent of the accuracy
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of forcefields or level of theory used for computation.
Computational Details
We make use of the GROMACS code v.5.1.239 and OPLS-AA forcefields.40,41 The forcefields
for anions X− = NO−3 , BF
−
4 , CF3SO
−
3 (OTF) anions was taken from the work of Acevedo et
al. ,42 for (CF3SO2)2N
− (TFSI) anion was taken from the work of Lopes and Padua et
al. ,43 for DME was taken from the work of Watanabe et al. 35 The forcefields for all other
molecules were taken directly from the OPLS-AA forcefield repository.40,41 The used force-
field parameters, topologies and assigned partial charges can be found in the Supplementary
Information
All simulation boxes were chosen to be 5.5 × 5.5 × 5.5 nm3 in size with periodic bound-
ary conditions such that 100 Li+ ions and salt anions in the box resulted in a total salt
concentration of 1 M. After equilibration for 5 ns in an NVT ensemble and subsequent 10 ns
of equilibration in NPT ensemble, the production runs for the simulations were performed
in for a further 12 ns. The Parinello-Rahman barostat was used to maintain the system
at a pressure of 1 bar and the No´se-Hoover thermostat was employed to maintain the sys-
tem at 298.15 K. The Particle-Mesh Ewald (PME) method was used to consider long-range
electrostatic interactions, which were truncated at 1.3 nm along with those resulting from
non-bonded Lennard-Jones interactions. All the analysis results were averaged over a couple
of independent configurations of the same system. In addition to the all the solvent and
salt combinations shown in Fig. 1, mixtures of NO−3 and TFSI of total 1 M concentration
were also simulated in order to understand the competition between NO−3 , which is a small,
strongly associating anion to TFSI, which is a large, weakly associating anion.
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Results and Discussions
In order to gauge the ordering of ions and solvent molecules around the Li+ ions, we first
discuss and plot the time averaged normalized radial distribution functions (RDF) of all
electrolyte constituents for the cases of 1 M LiNO−3 and 1 M LiTFSI in ACN, DME and
DMSO in Fig. 2. The RDFs for other salt-solvent combinations considered in this work can
be found in the Supplementary Information. The RDF or pair correlation function of species
j around species i as a function of radius r is defined as:
gij(r) =
〈ρj(r)〉
〈ρj〉avg (1)
where the term 〈ρj(r)〉 is the density of j within an infinitesimal region at r and 〈ρj〉avg
is the averaged local density of j in the volume contained by r. The variations in gij(r)
signify the relative probability of finding j at a distance r from the reference i, for e.g., a the
closest peak in gij(r) indicates a particularly favored separation distance where j is likely
to be found around i. The magnitude of gij(r) is a function of binning size for r and its
absolute value cannot be used to make quantitative comparisons directly. In macroscopic
homogeneous systems, gij(r) goes to unity at large r. In the present work, gij(r) was plotted
after normalization with respect to its maximum value for purposes of representation.
On comparing Fig. 2a, Fig. 2b and Fig. 2c with NO−3 as anion across the three different
solvents, it can be observed that the nearest of all maxima always belonged to the NO−3 anion
at r = 0.198 nm (ACN), 0.196 nm (DME, DMSO) followed very closely by that solvent ∼ 0.01
nm thereafter. This behavior clearly demonstrates that NO−3 , which is known to be strongly
associating, dominates the immediate solvation surroundings of the Li+ ions irrespective of
the solvent. The radial distance marking the first minimum in the RDF, or alternately the
radius of the inner solvation shell, is found to be at r
NO−3
sh = 0.236 nm (ACN), 0.228 nm
(DME), 0.226 nm (DMSO). On comparing Fig. 2d, Fig. 2e and Fig. 2f with TFSI as anion
across the three different solvents, it can be observed that the first maximum belonged to
8
Figure 2: Normalized RDFs of electrolyte components around Li+ ions for (a) ACN - LiNO3,
(b) DME - LiNO3, (c) DMSO - LiNO3, (d) ACN - LiTFSI, (e) DME - LiTFSI, (f) DMSO -
LiTFSI.
TFSI only in the case of ACN at r = 0.208 and the first solvent maxima preceded that of the
TFSI anion in cases of DME and DMSO. This behavior demonstrates that for the weakly
associating TFSI anion the high donor solvents can play an equal or dominant role in the
liquid ordering around Li+ ions. The radius of the inner solvation shell in these cases was
found to be rTFSIsh = 0.298 nm (ACN), 0.292 nm (DME), 0.294 nm (DMSO).
The RDFs do not directly reveal the occupancy or coordination numbers (CN) of elec-
trolyte constituents around any Li+ ion. Cumulative values of each coordinating specie can
are obtained by the integration of the function gij(r), as shown in Fig. 3 for the cases of 1 M
LiNO3 and 1 M LiTFSI in ACN, DME and DMSO. The CNs are then simply the cumulative
values of the respective components at the respective inner shell radii rsh. In line with the
RDFs, the cumulative values show a much larger presence of the NO−3 anion closer to the
Li+ ions, which decreases as the DN of the solvent increases in the order ACN < DME
< DMSO. This is again in stark contrast to the case of TFSI anions where the solvents
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dominate in presence around the Li+ ions and there is not much difference in the calculated
cumulative values. In addition to the cumulative numbers of the electrolytes constituents,
the total charge qr contained in the radius r around any Li
+ ion is also shown, which is
evaluated simply as the algebraic sum of the forcefield assigned atomic charges belonging to
the atoms in the solvating cations and anions. qr = 1 at r = 0 because of the reference Li
+
ion. Including the atomic charges from solvent molecules served only to smooth the plotted
charge curves and was therefore not pursued further.
Figure 3: Cumulative numbers for various electrolyte constituents around Li+ ions and the
charge contained within radius r for (a) ACN - LiNO3, (b) DME - LiNO3, (c) DMSO -
LiNO3, (d) ACN - LiTFSI, (e) DME - LiTFSI, (f) DMSO - LiTFSI.
The standard method of classifying ion pair formation as solvent separated (SSIP), con-
tact (CIP) or aggregating (AGG) ion pairs is based on the coordination number (CN) of
the counterion in the first solvation shell being between 0 to 1, 1 to 2 or more than 221,38
. To examine the applicability of this scheme, we first plot the CNs of the anions and the
solvents ACN, DME and DMSO in the inner solvation shell of Li+ ions as a function of
varying NO−3 :TFSI ratio in the electrolyte composition, as seen in Fig. 4. The cumulative
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values and CNs for other salt-solvent combinations considered in this work can be found in
the Supplementary Information. As can be seen in Fig. 4a, the CN of NO−3 in the inner
solvation shell at rsh increases linearly with increase in NO
−
3 concentration and is an order of
magnitude higher than the CN of TFSI which falls to 0 with increasing NO−3 concentration.
For both anions, the CNs decrease as the donicity of the solvent increases from ACN < DME
< DMSO. The donicity of solvents or anions alone, however, does not decide its CN in the
inner solvation shell. As can be seen in Fig. 4b, the CN of weakly donating ACN at lower
NO−3 concentrations is higher than those of DME or DMSO, indicating that size effects as
well as the anion - solvent compatibility may also play a role.
Figure 4: CNs of electrolyte components in the inner solvation shell of Li+ ions as a function
of electrolyte composition for (a) anions and (b) solvents.
Based on this previosuly employed classification scheme, CIP formation can be inferred
only for the cases where [NO−3 ] > 0.75 M in ACN. This assertion, however, is not consistent
with room temperature experimental phase diagrams in which NO−3 , CF3SO
−
3 are already
insoluble in ACN,27 whereas TFSI, BF−4 form SSIP/CIP in ACN,
27,28 at ACN:LiX ratio
of 1:20 (considered in this work). While the CNs do reveal the fractional ordering in the
immediate solvation shell averaged over every Li+ ion and over time, they do not reveal
the extent of ion pairing and formation of aggregates. Besides, the definition of CN and its
associated rsh implies that CN of Li
+ vs. Li+ is always 0, and hence, they do not contain any
information about the self-distribution of Li+ ions around itself. Therefore, classifications of
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ion pairs as SSIP, CIP or AGG are rather restricted to strict and limited models which do not
include, for instance, clusters of ion pairs with infused solvent molecules, where counterions
may not aggregate without necessarily being in direct contact with each other.
The inconsistency pointed out here becomes more evident on analyzing the snapshots
from MD simulations in each case, as shown in Fig. 5. Several snapshots were taken from
every simulation run to select the most representative insights about ion pairing for each
of the systems. In every snapshot, we take out the solvent molecules and show the ions
only in order to focus on ion-pairing between Li+ ions and the salt anion. When comparing
the snapshots from Fig. 5a, Fig. 5b and Fig. 5c with 1 M NO−3 anion across the three
different solvents, it can be observed that there is a high degree of aggregation in the low
DN solvent ACN, which decreases rapidly as the donicity of the solvent increases. On the
contrary, not much perceivable difference is observed for when comparing Fig. 5d, Fig. 5e
and Fig. 5f, with the weakly associating TFSI as anion across the three different solvents.
These observations, however, cannot be deduced using the simple scheme of using CNs for
ion pairing classification as has been performed in previous studies.
In order to address this discrepancy, we propose a new metric for understanding ion
pairing based on the more general and intuitive condition of charge neutrality. Any distinct
cluster of ions and solvents will naturally be charge neutral within a certain tolerance. An
analysis of the radial charge qr contained within r, as seen in Fig. 3, reveals the charge
distribution of the species dominating in presence in the cluster depending of the sign of the
charge curve. Clearly with NO−3 as the anion, the fluctuation in the charge is much higher
in the low DN ACN. These fluctuations damp down as the DN of the solvent increases
from ACN to DME to DMSO. The same is corroborated from the snapshot in Fig. 5 where
the degree of clustering can be seen to drastically decrease. In case of the TFSI anions,
the snapshots hardly show any variation in ion pairing across the solvents as do the charge
curves from Fig. 3.
To quantify these ideas based on the condition of charge neutrality, i.e. |qr| ∼ 0, we
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Figure 5: Representative snapshots of simulation boxes shown without solvents for (a) ACN
- LiNO3, (b) DME - LiNO3, (c) DMSO - LiNO3, (d) ACN - LiTFSI, (e) DME - LiTFSI,
(f) DMSO - LiTFSI. The atoms are colored as Li (pink), N (blue), O (red), F (cyan) and S
(yellow).
define the radial cutoff limit as rcl. Instead of the actual physical size of the ion pair, rcl can
be understood as the radial distance beyond which all charge fluctuations can be assigned
as tail end fluctuations outside of the limits of the cluster under consideration. In Fig. 6, a
typical RDF and the corresponding fluctuations in the associated charge curve are depicted
schematically as a function of the radial distance r with respect to a reference Li+ ion. As can
be observed, such points of charge neutrality usually occur on the charge curve as inflection
points between the oppositely charged peaks, indicating the expected ordering where the
Li+ ion is first surrounded by counterions which are followed by compensating Li+ ions. The
same can be corroborated exactly from the RDF plots in Fig. 2 for each case. Based on these
definitions, we propose the cutoff limit of charge neutrality as the outermost inflection or
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charge neutral point on the charge curve beyond which the amplitude of charge fluctuation
or simply the fluctuation width |∆qr| is < qcut = 0.5.
Figure 6: Schematic showing typically observed charge variation in an ion pair as a function
of radial distance. rc is the selected cutoff distance defined by the fluctuation point at which
the fluctuation width |∆qr| is < 0.5.
The criterion of qcut = 0.5 was chosen after careful analysis of all cumulative and charge
plots for all the salt-solvent combinations because the fluctuations were found to dampen
quite fast with respect to the distance thereafter, as evidenced in the charge plots the Sup-
plementary Information. The value of qr at rcl is often close to 0 but not exactly 0, as shown
schematically in the ideal case in Fig. 6, implying that there will naturally be some errors
associated within this scheme. Subject to these requirements and assumptions, we propose
that the number of counterions contained within the charge neutral cluster defined by cutoff
limit rcl will decide the degree of ion pairing on a more realistic and continuous scale. It can
be intuitively ascertained that the presence of more than 2 counterions, and thus, ion pairs,
within the cutoff limit would imply formation of clustered aggregates (Cl. AGG) that also
include infused solvent molecules. A value below 2 would imply formation of SSIP or CIP,
the distinction between which can be inferred more precisely from the conventional CNs.
Besides these, this proposed metric reveals the amount of solvent infused in the clusters.
Having established these criteria, which are independent from the choice of salt or solvent
in the system, we plot the number of anions and solvents contained within the cutoff limit
of the charge-neutral aggregation in Fig. 7a and Fig. 7b, respectively.
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Figure 7: (a) No. of Li+ ions contained within a charge neutral ion pair and (b) Cutoff
limit rc for defining the limits of the charge neutral ion pair as a function of electrolyte
composition.
Using these values from the analysis it is easy to ascertain the extent of clustering leading
to aggregation for the simulated salt and solvent combinations. In 1 M TFSI, the weakly
associating anions form SSIP/CIPS, as evident from the values < 1 as well as the snapshots.
Formation of clustered AGGs takes place at starting at [NO−3 ] >= 0.4 M for the weakly
donating. For the strongly donating DMSO, AGGs would probably form only at [NO−3 ] > 1
M. For the moderately donating solvent DME, AGGs begin to form only at [NO−3 ] >= 0.75
M. While it is clear that strongly associating anions will have a higher degree of aggregation,
they cannot exert their effect beyond a certain limit in high DN solvents, as evident from
the case of DMSO.
The number of solvents in all cases shows a unique feature where a sharp drop in the
number of solvents in the cluster is observed in every case for 0.1 M <= [NO−3 ] <= 0.2
M. This is indicative of a structural transition from a TFSI dominated solvation shell to
a NO−3 dominated solvation shell, in which the number of solvents are fewer as expected.
The number of solvents with increasing NO−3 concentration however, varies quite differently.
While the number of ACN molecules increases to as much as the number of counterions, the
number of DMSO molecules falls off. This is directly correlated to the ascertained cutoff
limits for each of the cases, rcl = 0.910 nm (ACN), rcl = 0.628 nm (DME) and rcl = 0.504
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nm (DMSO) at [NO−3 ]= 1 M, in which case the immediate solvation shell is dominated by
the strongly associating counterion. From these analyses, an estimation of the extent of
ion pair formation on a much more continuous scale is obtained, and the same can also be
qualitatively correlated to the visualizations in Fig. 5. The cutoff limits for all other cases
are tabulated in the Supplementary Information.
Finally, we interpret these estimations with respect to a commonly employed descriptor
of electron donicity - the Gutmann donor number (DN). As can be seen in Fig. 8, we plot the
solvent and anion donor numbers with respect to the two main metrics discussed in the work,
CNs and number of anions in the cluster (CL). In Fig. 8a and Fig. 8b, the CNs of the anion
vs. Li+ in the first solvation shell are described with respect to the anion’s and solvent’s
DNs, respectively. As can be seen, there doesn’t exist a well defined correlation between the
DNs and the CNs, where despite being the weakest donating anion, BF−4 anion has much
higher CN in the solvation shell compared to TFSI and OTF. The trends in the CNs with
respect to anions is more representative of the often discussed ionic association strength of
salt anions,27,28,38 which is known to follow the order TFSI < BF−4 ∼ OTF < NO−3 . An
anion of higher DN is expected to dominate in presence around the Li+ ion, however, the
coordination behavior in immediate solvation shell is subject to size and steric effects, as
well as salt solvent compatibility. The CN of anions are found to have a much more well
defined decreasing trend with respect to the solvents.
In comparison, the number of anions in the clusters as estimated by the metric proposed
in this work show much better proportionality with respect to DNs of both the anion and
solvent, as can be seen in Fig. 8c and Fig. 8d, respectively. This behavior can be rationalized
on the grounds that first order descriptors are more representative of larger scale behavior
and are not apt for direct comparison with solvation phenomena in the immediate solvation
shell. For the considered solvent:Li ratios, as mentioned in the Supplementary Information,
our results show good agreement with respect to solubility and aggregation behavior observed
in all the anions for ACN27,28 and DME.38 Although clear trends can be inferred from the
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Figure 8: Comparison of the two metric discussed in the current work with DNs of the anion
and solvent, which are descriptors of electron donicity and ionic association. (a) top left CN
of anion (vs. Li+) vs. DN of anion ((a) top right CN of anion (vs. Li+) vs. DN of solvent
(c) bottom left Number of anions in the charge neutral cluster vs. DN of anion (d) bottom
right Number of anions in the charge neutral cluster vs. DN of solvent.
analysis of coordination numbers as well, the estimation of extent of ion-pairing and clustered
aggregation is not directly possible from them.
The application of this scheme is independent of the level of theory or the accuracy of
force fields used for simulating the molecular dynamics, although, it must be noted carefully
that the classical MD simulations presented here have been performed with non-polarizable
forcefields which generally tend to overestimate CNs.44 In comparison to first principles
methods, classical MD simulations are very inexpensive and can reveal trends on the basis
of which electrolyte components can be analyzed and compared. Besides, this scheme can
be applied to both dilute and concentrated electrolytes.
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Summary and Conclusions
In the present work, classical MD simulations were employed to simulate highly concentrated
1 M Li salts in various nonaqueous solvents, both spanning over a wide range of electron
doncity, polarizability and size. As a test case, 1 M mixtures of LiNO−3 + LiTFSI with
varying NO−3 :TFSI ratios were also simulated to understand change in solvation structure
transitioning from a large weakly donating TFSI anion to a small strongly associating NO−3
anion. RDFs of each of the systems were analyzed to understand the ordering of anions and
solvents around Li+ ions and CNs were estimated by analyzing the cumulative distributions
obtained from the integration of the RDFs. The evaluated CNs were further employed to
differentiate and predict the type of ion pairing for the test cases in ACN, DME and DMSO.
It was argued that based on the estimated CNs, only 1 M NO−3 , which is the most strongly
associating salt considered in the work, would form CIPs in ACN, which is the most weakly
donating solvent considered in this work.
In order to resolve this discrepancy, a new metric based on charge neutrality of ionic
clusters was detailed. Considering the fact that within some nominal deviation all ionic
clusters will essentially have net null charge, a new cutoff limit was devised on the basis of
which new estimates for the number of anions, and hence ion pairs, in these charge neutral
clusters were obtained. The numbers of ion pairs in such clusters were further used to classify
and understand ion pairing categories and thus explore aggregation in a more generalized way
which allowed inclusion of solvent molecules in those clustered aggregates. These estimates
were then pitted against the donor numbers of both the solvent and the salt anions to show
that CNs of anions are rather directly related to commonly understood association strength
of anions rather than their donor numbers, which were found to be better correlated to the
longer length scale estimated number of ion pairs in charge neutral clusters.
The present work offers a new strategy to understand solubility and ion pairing which can
potentially be combined with current efforts to identify novel, stable electrolytes, including
those in which organic molecules are entirely removed from the electrolyte,45 to develop an
18
electrolyte that could enable high-energy, long-life Li-O2 batteries. Using these descriptions
of ion pairing to model and calculate solvation thermodynamics using cluster models will be
the focus of out next research efforts.
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Supporting Information Available
The following files are available free of charge.
• A. Figure S1: Plots for normalized radial distribution function, cumulative values
and radially contained ionic charge for all solvent-anion combination considered in the
present study.
• B. Table S1: Cumulative numbers of Li+ ions, solvent molecules and anions in the
ionic cluster (CL) defined by the cutoff limit rcl for 1 M mixtures of NO
−
3 +TFSI in
solvents ACN, DME and DMSO.
• C. Table S2: Coordination numbers (CN), cumulative numbers of Li+ ions, solvent
molecules and anions in the ionic cluster (CL) defined by the cutoff limit rcl for all salt
anion-solvent combinations considered in this work.
• D. GROMACS forcefield parameters for all considered solvents.
• E. GROMACS forcefield parameters for all considered salt-anions.
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A.   Figure S1: Plots for normalized radial distribution function, cumulative Values 
and radially contained ionic charge for all solvent-anion combination considered 
in the present study. 
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 B.   Table S1: Cumulative numbers of Li
+
 ions, solvent molecules and anions in the 
ionic cluster (CL) defined by the cutoff limit rcl for 1M mixtures of NO3
-
+TFSI in 
solvents ACN, DME and DMSO 
 
Solvent 
Fraction 
of NO3
-
  
rcl Cutoff 
of CL 
(nm) 
No. of 
Solvents 
in CL 
No. of 
Li
+
 in CL 
No. of 
NO3
-
 in 
CL 
No. of 
TFSI in 
CL 
ACN 
 
0.000 0.696 12.110 1.585 0.000 1.480 
0.100 0.710 12.030 2.229 0.379 1.545 
0.200 0.694 10.050 3.117 1.103 1.537 
0.300 0.694 11.370 3.576 1.526 1.439 
0.400 0.710 12.300 4.407 2.470 1.288 
0.500 0.732 12.890 5.888 3.689 1.463 
0.750 0.798 15.630 12.660 10.440 1.195 
1.000 0.910 24.310 22.950 22.700 0.000 
DME 
0.000 0.716 7.580 1.339 0.000 1.445 
0.100 0.716 7.730 1.524 0.241 1.315 
0.200 0.610 4.222 1.596 0.475 0.753 
0.300 0.612 4.223 2.139 0.999 0.730 
0.400 0.620 4.524 2.460 1.241 0.608 
0.500 0.608 4.296 2.461 1.675 0.430 
0.750 0.612 4.466 3.319 2.788 0.205 
1.000 0.628 4.807 4.739 4.682 0.000 
DMSO 
0.000 0.824 17.310 1.480 0.000 1.459 
0.100 0.822 17.370 1.577 0.185 1.337 
0.200 0.674 9.106 1.307 0.266 0.663 
0.300 0.666 8.997 1.257 0.374 0.529 
0.400 0.654 8.738 1.307 0.480 0.388 
0.500 0.650 8.719 1.297 0.623 0.308 
0.750 0.544 5.630 1.413 0.977 0.107 
1.000 0.504 4.163 1.959 1.783 0.000 
 
 
 
 
 
 
 
C.   Table S2: Coordination numbers (CN), cumulative numbers of Li
+
 ions, solvent 
molecules and anions in the ionic cluster (CL) defined by the cutoff limit rcl for 
all salt anion-solvent combinations considered in this work. 
 
Anion Solvent 
CN of 
Anion 
vs. Li
+
 
CN of 
Solvent 
vs. Li
+
 
rcl Cutoff 
of CL 
(nm) 
No. of 
Solvents 
in CL 
No. of 
Li
+
 in CL 
No. of 
Anions 
in CL 
NO3
-
 ACN 1.125 0.113 0.910 24.310 22.950 22.700 
NO3
-
 DMSO 0.532 0.245 0.504 4.163 1.959 1.783 
NO3
-
 THF 0.992 0.072 0.830 13.930 10.700 10.730 
NO3
-
 DMA 0.758 0.102 0.670 6.917 4.186 4.236 
NO3
-
 DME 0.769 0.119 0.628 4.807 4.739 4.682 
TFSI ACN 0.110 0.738 0.696 12.110 1.585 1.480 
TFSI DMSO 0.074 0.466 0.824 17.310 1.480 1.459 
TFSI THF 0.218 0.263 0.848 13.950 3.526 3.315 
TFSI DMA 0.127 0.277 0.732 8.470 1.358 1.376 
TFSI DME 0.099 0.444 0.716 7.580 1.339 1.445 
OTF ACN 0.377 0.241 0.766 3.806 4.954 4.883 
OTF DMSO 0.134 0.379 0.676 9.331 1.644 1.223 
OTF THF 0.376 0.101 0.808 11.470 5.523 5.481 
OTF DMA 0.290 0.154 0.730 8.214 2.938 2.726 
OTF DME 0.484 0.171 0.716 7.159 3.307 3.118 
BF4
-
 ACN 0.433 0.443 0.742 17.140 2.796 2.774 
BF4
-
 DMSO 0.285 0.362 0.516 4.799 1.170 0.979 
BF4
-
 THF 0.797 0.069 0.766 7.378 11.390 12.480 
BF4
-
 DMA 0.511 0.160 0.730 9.215 2.761 2.680 
BF4
-
 DME 0.435 0.206 0.618 4.666 2.217 2.090 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
D.   GROMACS Forcefield parameters for various all solvents: 
1.   DMA (C4H9NO) 
[ atoms ] 
1   opls_135         1       DMA         C         1     -0.18    12.011 
2   opls_282         1       DMA         H         2      0.06     1.008 
3   opls_282         1       DMA         H         3      0.06     1.008 
4   opls_282         1       DMA         H         4      0.06     1.008 
5   opls_235         1       DMA         C         5       0.5    12.011 
6   opls_236         1       DMA         O         6      -0.5   15.9994 
7   opls_239         1       DMA         N         7     -0.14   14.0067 
8   opls_243         1       DMA         C         8     -0.11    12.011 
9   opls_282         1       DMA         H         9      0.06     1.008 
10   opls_282         1       DMA         H        10      0.06     1.008 
11   opls_282         1       DMA         H        11      0.06     1.008 
12   opls_243         1       DMA         C        12     -0.11    12.011 
13   opls_282         1       DMA         H        13      0.06     1.008 
14   opls_282         1       DMA         H        14      0.06     1.008 
15   opls_282         1       DMA         H        15      0.06     1.008 
 [ bonds ] 
1     2     1  
1     3     1  
1     4     1  
1     5     1  
5     6     1  
5     7     1 
7     8     1  
7    12     1  
8     9     1  
8    10     1  
8    11     1  
12    13     1  
12    14     1  
12    15     1  
[ pairs ] 
1     8     1  
1    12     1  
2     6     1  
2     7     1  
3     6     1  
3     7     1  
4     6     1  
4     7     1  
5     9     1  
5    10     1  
5    11     1  
5    13     1  
5    14     1  
5    15     1  
6     8     1  
6    12     1  
8    13     1  
8    14     1  
8    15     1  
9    12     1  
10    12     1  
11    12     1  
[ angles ] 
2     1     3     1  
2     1     4     1  
2     1     5     1  
3     1     4     1  
3     1     5     1  
4     1     5     1  
1     5     6     1  
1     5     7     1  
6     5     7     1  
5     7     8     1  
5     7    12     1  
8     7    12     1  
7     8     9     1  
7     8    10     1  
7     8    11     1  
9     8    10     1  
9     8    11     1  
10     8    11     1  
7    12    13     1  
7    12    14     1  
7    12    15     1  
13    12    14     1  
13    12    15     1  
14    12    15     1  
 [ dihedrals ] 
2     1     5     6     3  
2     1     5     7     3  
3     1     5     6     3  
3     1     5     7     3  
4     1     5     6     3  
4     1     5     7     3  
1     5     7     8     3  
1     5     7    12     3  
6     5     7     8     3  
6     5     7    12     3  
5     7     8     9     3  
5     7     8    10     3  
5     7     8    11     3  
12     7     8     9     3  
12     7     8    10     3  
12     7     8    11     3  
5     7    12    13     3  
5     7    12    14     3  
5     7    12    15     3  
8     7    12    13     3  
8     7    12    14     3  
8     7    12    15     3  
; Added DvdS 2010-12-21 
5 1  7 6 1     180     4.6     2  
5 8 12 7 1     180     4.6     2 
 
 
2.   ACN (C2H3N) 
[ atoms ] 
1   opls_755         1       ACN         C         1      -0.08    12.01100   
2   opls_759         1       ACN         H         1       0.06     1.00800  
3   opls_759         1       ACN         H         1       0.06     1.00800  
4   opls_759         1       ACN         H         1       0.06     1.00800  
5   opls_754         1       ACN         C         2       0.46    12.01100  
6   opls_753         1       ACN         N         3      -0.56    14.00670  
[ bonds ] 
1     2     1  
1     3     1  
1     4     1  
1     5     1 
5     6     1 
[ angles ] 
2     1     3     1  
2     1     4     1  
2     1     5     1  
3     1     4     1  
3     1     5     1  
4     1     5     1  
1     5     6     1 
[ dihedrals ] 
2    1    5    6       3      
3    1    5    6       3      
4    1    5    6       3      
[ pairs ] 
2    6      1 
3    6      1 
4    6      1 
 
 
3.   THF (C4H8O) 
[ atoms ] 
1   opls_182         1       THF         C         1      0.14    12.011 
2   opls_185         1       THF         H         2      0.03     1.008 
3   opls_185         1       THF         H         3      0.03     1.008 
4   opls_136         1       THF         C         4     -0.12    12.011 
5   opls_140         1       THF         H         5      0.06     1.008 
6   opls_140         1       THF         H         6      0.06     1.008 
7   opls_136         1       THF         C         7     -0.12    12.011 
8   opls_140         1       THF         H         8      0.06     1.008 
9   opls_140         1       THF         H         9      0.06     1.008 
10   opls_182         1       THF         C        10      0.14    12.011 
11   opls_185         1       THF         H        11      0.03     1.008 
12   opls_185         1       THF         H        12      0.03     1.008 
13   opls_180         1       THF         O        13      -0.4   15.9994  
[ bonds ] 
     1     2     1  
     1     3     1  
     1     4     1  
     1    13     1  
     4     5     1  
     4     6     1  
     4     7     1  
     7     8     1  
     7     9     1  
     7    10     1  
    10    11     1  
    10    12     1  
    10    13     1  
 [ pairs ] 
     1     8     1  
     1     9     1  
     1    11     1  
     1    12     1  
     2     5     1  
     2     6     1  
     2     7     1  
     2    10     1  
     3     5     1  
     3     6     1  
     3     7     1  
     3    10     1  
     4    11     1  
     4    12     1  
     5     8     1  
     5     9     1  
     5    10     1  
     5    13     1  
     6     8     1  
     6     9     1  
     6    10     1  
     6    13     1  
     8    11     1  
     8    12     1  
     8    13     1  
     9    11     1  
     9    12     1  
     9    13     1  
 [ angles ] 
     2     1     3     1  
     2     1     4     1  
     2     1    13     1  
     3     1     4     1  
     3     1    13     1  
     4     1    13     1  
     1     4     5     1  
     1     4     6     1  
     1     4     7     1  
     5     4     6     1  
     5     4     7     1  
     6     4     7     1  
     4     7     8     1  
     4     7     9     1  
     4     7    10     1  
     8     7     9     1  
     8     7    10     1  
     9     7    10     1  
     7    10    11     1  
     7    10    12     1  
     7    10    13     1  
    11    10    12     1  
    11    10    13     1  
    12    10    13     1  
     1    13    10     1  
 [ dihedrals ] 
      2     1     4     5     3  
     2     1     4     6     3  
     2     1     4     7     3  
     3     1     4     5     3  
     3     1     4     6     3  
     3     1     4     7     3  
    13     1     4     5     3  
    13     1     4     6     3  
    13     1     4     7     3  
     2     1    13    10     3  
     3     1    13    10     3  
     4     1    13    10     3  
     1     4     7     8     3  
     1     4     7     9     3  
     1     4     7    10     3  
     5     4     7     8     3  
     5     4     7     9     3  
     5     4     7    10     3  
     6     4     7     8     3  
     6     4     7     9     3  
     6     4     7    10     3  
     4     7    10    11     3  
     4     7    10    12     3  
     4     7    10    13     3  
     8     7    10    11     3  
     8     7    10    12     3  
     8     7    10    13     3  
     9     7    10    11     3  
     9     7    10    12     3  
     9     7    10    13     3  
     7    10    13     1     3  
    11    10    13     1     3  
    12    10    13     1     3 
 
 
4.   DMSO (C2H6OS) 
[ atoms ] 
1   opls_498         1       DMS         C         1    -0.035    12.011 
2   opls_140         1       DMS         H         2      0.06     1.008 
3   opls_140         1       DMS         H         3      0.06     1.008 
4   opls_140         1       DMS         H         4      0.06     1.008 
5   opls_496         1       DMS         S         5      0.13     32.06 
6   opls_498         1       DMS         C         6    -0.035    12.011 
7   opls_140         1       DMS         H         7      0.06     1.008 
8   opls_140         1       DMS         H         8      0.06     1.008 
9   opls_140         1       DMS         H         9      0.06     1.008 
10   opls_497         1       DMS         O        10     -0.42   15.9994 
[ bonds ] 
     1     2     1  
     1     3     1  
     1     4     1  
     1     5     1  
     5     6     1  
     5    10     1  
     6     7     1  
     6     8     1  
     6     9     1  
[ pairs ] 
     1     7     1  
     1     8     1  
     1     9     1  
     2     6     1  
     2    10     1  
     3     6     1  
     3    10     1  
     4     6     1  
     4    10     1  
     7    10     1  
     8    10     1  
     9    10     1  
[ angles ] 
     2     1     3     1  
     2     1     4     1  
     2     1     5     1  
     3     1     4     1  
     3     1     5     1  
     4     1     5     1  
     1     5     6     1  
     1     5    10     1  
     6     5    10     1  
     5     6     7     1  
     5     6     8     1  
     5     6     9     1  
     7     6     8     1  
     7     6     9     1  
     8     6     9     1  
[ dihedrals ] 
     2     1     5     6     3  
     2     1     5    10     3  
     3     1     5     6     3  
     3     1     5    10     3  
     4     1     5     6     3  
     4     1     5    10     3  
     1     5     6     7     3  
     1     5     6     8     3  
     1     5     6     9     3  
    10     5     6     7     3  
    10     5     6     8     3  
    10     5     6     9     3  
  
 
5.   DME (C4H10O2) 
[ atoms ] 
1   opls_181         1       DME         C         1      0.110   12.01100  
2   opls_180         1       DME         O         1     -0.400   15.99940 
3   opls_185         1       DME         H         1      0.030    1.00800  
4   opls_185         1       DME         H         1      0.030    1.00800  
5   opls_185         1       DME         H         1      0.030    1.00800  
6   opls_180         1       DME         O         7     -0.400   15.99940 
7   opls_181         1       DME         C         7      0.110   12.01100  
8   opls_185         1       DME         H         7      0.030    1.00800 
9   opls_185         1       DME         H         7      0.030    1.00800  
10   opls_185         1       DME         H         7      0.030    1.00800  
11   opls_182         1       DME         C        13      0.140   12.01100  
12   opls_185         1       DME         H        13      0.030    1.00800  
13   opls_185         1       DME         H        13      0.030    1.00800  
14   opls_182         1       DME         C        15      0.140   12.01100  
15   opls_185         1       DME         H        15      0.030    1.00800  
16   opls_185         1       DME         H        15      0.030    1.00800  
[ bonds ] 
   1    2      1  
   1    3      1  
   1    4      1  
   1    5      1  
   2   11      1  
  11   14      1   
  11   12      1   
  11   13      1   
  14    6      1  
  14   15      1 
  14   16      1  
   6    7      1  
   7    8      1  
   7    9      1  
   7   10      1 
[ angles ] 
   2    1    3      1  
   2    1    4      1  
   2    1    5      1  
   3    1    4      1  
   3    1    5      1  
   4    1    5      1  
   1    2   11      1  
   2   11   14      1  
   2   11   12      1  
   2   11   13      1  
  14   11   12      1 
  14   11   13      1 
  12   11   13      1 
  11   14    6      1  
  11   14   15      1 
  11   14   16      1  
   6   14   15      1   
   6   14   16      1   
  15   14   16      1  
  14    6    7      1  
   6    7    8      1   
   6    7    9      1   
   6    7   10      1  
   8    7    9      1   
   8    7   10      1  
   9    7   10      1  
[ dihedrals ] 
   3    1    2   11      3   
   4    1    2   11      3   
   5    1    2   11      3   
   1    2   11   14      3  
   1    2   11   12      3  
   1    2   11   13      3   
   2   11   14    6      3    
   2   11   14   15      3   
   2   11   14   16      3   
  12   11   14    6      3   
  12   11   14   15      3  
  12   11   14   16      3  
  13   11   14    6      3   
  13   11   14   15      3  
  13   11   14   16      3  
  11   14    6    7      3  
  15   14    6    7      3  
  16   14    6    7      3  
  14    6    7    8      3   
  14    6    7    9      3   
  14    6    7   10      3  
[ pairs ] 
   1   14      1 
   1   12      1 
   1   13      1 
   2    6      1 
   2   15      1 
   2   16      1 
  11    3      1 
  11    4      1 
  11    5      1 
  11    7      1 
  14    8      1 
  14    9      1 
  14   10      1 
   6   12      1 
   6   13      1 
   7   15      1 
   7   16      1 
  12   15      1 
  12   16      1 
  13   15      1 
  13   16      1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
E.   GROMACS Forcefield parameters for all considered salt-anions: 
1.   NO3
-
 
[ atomtypes ] 
no3_001    N      7 14.00670     0.794       A    3.15000e-01  7.11280e-01 
no3_002    O      8 15.99940    -0.598       A    2.86000e-01  8.78640e-01 
[ atoms ] 
1    no3_001         1       NOX         N         1      0.794     14.007 
2    no3_002         1       NOX         O         1     -0.598     15.999 
3    no3_002         1       NOX         O         1     -0.598     15.999 
4    no3_002         1       NOX         O         1     -0.598     15.999 
[ bonds ] 
1    2    1       0.1256    530698.560  
1    3    1       0.1256    530698.560  
1    4    1       0.1256    530698.560  
[ angles ] 
2    1    3    1    120.0  1011.022  
2    1    4    1    120.0  1011.022  
3    1    4    1    120.0  1011.022  
[ dihedrals ] 
2    1    3    4    5        0.000       8.368       0.000       0.000  
3    1    2    4    5        0.000       8.368       0.000       0.000  
4    1    2    3    5        0.000       8.368       0.000       0.000  
 
 
2.   BF4
- 
[ atomtypes ] 
bf4_001    B      5   10.811        0.8276    A  3.5814e-01   3.9748e-01 
bf4_002    F      9   18.998       -0.4569    A  3.1181e-01   2.5104e-01 
[ atoms ] 
1    bf4_001         1       BFX         B         1      0.8276    10.811 
2    bf4_002         1       BFX         F         1     -0.4569    18.998 
3    bf4_002         1       BFX         F         1     -0.4569    18.998 
4    bf4_002         1       BFX         F         1     -0.4569    18.998 
5    bf4_002         1       BFX         F         1     -0.4569    18.998 
[ bonds ] 
1    2    1       0.1394    323500.000  
1    3    1       0.1394    323500.000  
1    4    1       0.1394    323500.000  
1    5    1       0.1394    323500.000  
[ angles ] 
3    1    2    1    109.47  669.5 
4    1    2    1    109.47  669.5  
4    1    3    1    109.47  669.5  
5    1    2    1    109.47  669.5  
5    1    3    1    109.47  669.5  
5    1    4    1    109.47  669.5  
 
 
3.   OTF (CF3SO3
-
) 
[ atomtypes ] 
tfo_001   SO  16     32.064      1.020        A    0.355      1.04600  
tfo_002   OS   8     15.9994    -0.630        A    0.296      0.87864 
tfo_003   FC   9     18.9984    -0.160        A    0.295      0.22175 
tfo_004   CF   6     12.011      0.350        A    0.350      0.27614 
[ bondtypes ] 
CF   FC   1    0.1323   369700 
CF   SO   1    0.1818   197000 
SO   OS   1    0.1442   533100 
[ angletypes ] 
OS  SO    OS    1      115.3    969 
FC  CF    FC    1      107.1    781 
FC  CF    SO    1      111.8    694 
CF  SO    OS    1      102.6    870 
[ dihedraltypes ] 
OS  SO  CF  FC  5     0.0000     0.0000      1.4510      0.0000 
[ atoms ] 
1        tfo_004     1    TFO     CF     1      0.350      12.011 
2        tfo_003     1    TFO     FC     2     -0.160      18.998 
3        tfo_003     1    TFO     FC     2     -0.160      18.998 
4        tfo_003     1    TFO     FC     2     -0.160      18.998 
5        tfo_001     1    TFO     SO     3      1.020      32.066 
6        tfo_002     1    TFO     OS     4     -0.630      15.999 
7        tfo_002     1    TFO     OS     4     -0.630      15.999 
8        tfo_002     1    TFO     OS     4     -0.630      15.999 
[ pairs ] 
3   8   1 
3   6   1 
3   7   1 
4   7   1 
4   6   1 
2   7   1 
2   6   1 
2   8   1 
[ bonds ] 
1     2     1  
1     3     1  
1     4     1  
1     5     1  
5     6     1 
5     7     1 
5     8     1  
[ angles ] 
2   1   3   1 
2   1   4   1 
3   1   4   1 
2   1   5   1 
3   1   5   1 
4   1   5   1 
6   5   7   1 
6   5   8   1 
7   5   8   1 
1   5   6   1 
1   5   7   1 
1   5   8   1 
[ dihedrals ] 
6   5   1   2   5 
6   5   1   3   5 
6   5   1   4   5 
7   5   1   2   5 
7   5   1   3   5 
7   5   1   4   5 
8   5   1   2   5 
8   5   1   3   5 
8   5   1   4   5 
 
 
4.   TFSI ((CF3SO2)2N
-
) 
[ atomtypes ] 
tfs_001   SO  16     32.064      1.020        A    0.355      1.04600  
tfs_002   OS  8      15.9994    -0.530        A    0.296      0.87864 
tfs_003   FC  9      18.9984    -0.160        A    0.295      0.22175 
tfs_004   CF  6      12.011      0.350        A    0.350      0.27614 
tfs_005   NI  7      14.0027    -0.660        A    0.325      0.71128 
[ bondtypes ] 
CF   FC   1    0.1323   369700 
CF   SO   1    0.1818   197000 
SO   OS   1    0.1442   533100 
NI   SO   1    0.1570   311300 
[ angletypes ] 
OS  SO    OS    1      118.5    969 
OS  SO    NI    1      113.6    789 
CF  SO    NI    1      100.2    816 
SO  NI    SO    1      125.6    671 
FC  CF    FC    1      107.1    781 
FC  CF    SO    1      111.8    694 
CF  SO    OS    1      102.6    870 
[ dihedraltypes ] 
OS  SO  CF  FC  5     0.0000     0.0000      1.4510      0.0000 
NI  SO  CF  FC  5     0.0000     0.0000      1.3220      0.0000 
OS  SO  NI  SO  5     0.0000     0.0000     -0.0150      0.0000 
SO  NI  SO  CF  5    32.7730   -10.4200     -3.1950      0.0000 
[ atoms ]  
1    tfs_005    1      TFS     N           1    -0.660   14.0067   
2    tfs_001    1      TFS     S           2     1.020   32.06   
3    tfs_001    1      TFS     S           3     1.020   32.06   
4    tfs_002    1      TFS     O           4    -0.530   15.999 
5    tfs_002    1      TFS     O           5    -0.530   15.999 
6    tfs_002    1      TFS     O           6    -0.530   15.999 
7    tfs_002    1      TFS     O           7    -0.530   15.999   
8    tfs_004    1      TFS     C           8     0.350   12.011   
9    tfs_004    1      TFS     C           9     0.350   12.011   
10    tfs_003    1      TFS     F          10    -0.160   18.9984   
11    tfs_003    1      TFS     F          11    -0.160   18.9984   
12    tfs_003    1      TFS     F          12    -0.160   18.9984   
13    tfs_003    1      TFS     F          13    -0.160   18.9984  
14    tfs_003    1      TFS     F          14    -0.160   18.9984 
15    tfs_003    1      TFS     F          15    -0.160   18.9984 
[ bonds ] 
1     2     1  
1     3     1  
2     6     1  
2     7     1  
2     9     1 
3     8     1 
3     4     1  
3     5     1  
8    10     1  
8    11     1  
8    12     1  
9    13     1  
9    14     1  
9    15     1  
[ angles ] 
13    9   14    1 
13    9   15    1 
14    9   15    1 
13    9    2    1 
14    9    2    1 
15    9    2    1 
9     2    6    1 
9     2    7    1 
9     2    1    1 
2     1    3    1 
6     2    1    1 
7     2    1    1  
1     3    4    1 
1     3    5    1 
1     3    8    1 
4     3    8    1 
5     3    8    1 
3     8   10    1 
3     8   11    1 
3     8   12    1 
10    8   11    1 
10    8   12    1 
11    8   12    1 
6     2    7    1 
4     3    5    1 
[ dihedrals ] 
3     1     2     6     5 ; S-N-S-O 
3     1     2     7     5  
2     1     3     4     5  
2     1     3     5     5  
1     3     8    10     5  
1     3     8    11     5 
1     3     8    12     5 
1     2     9    13     5 
1     2     9    14     5 
1     2     9    15     5 
5     3     8    10     5  
5     3     8    11     5 
5     3     8    12     5 
4     3     8    10     5 
4     3     8    11     5 
4     3     8    12     5 
6     2     9    13     5  
6     2     9    14     5 
6     2     9    15     5 
7     2     9    13     5 
7     2     9    14     5 
7     2     9    15     5 
3     1     2     9     5  
2     1     3     8     5 
[ pairs ] 
2   4   1  
2   5   1  
3   6   1  
3   7   1  
10  4   1 
11  4   1 
12  4   1 
10  5   1 
11  5   1 
12  5   1 
1  10   1 
1  11   1 
1  12   1 
8   2   1 
9   3   1  
13  6   1 
14  6   1 
15  6   1 
13  7   1 
14  7   1 
15  7   1 
13  1   1 
14  1   1 
15  1   1 
 
 
